Introduction
============

The feet of diabetic patients are at risk of developing a wide spectrum of clinical conditions that result from the interaction of several diabetes-related complications; these clinical conditions are collectively known as diabetic foot syndrome (DFS).[@b1-dmso-11-313]--[@b3-dmso-11-313] DFS is the major cause of hospitalization for diabetes-related complications.[@b4-dmso-11-313] Feet deformity, secondary to motor and autonomic neuropathy,[@b1-dmso-11-313],[@b5-dmso-11-313] loss of protective sensation, and impaired vision increase the susceptibility for minor feet trauma, which results in diabetic foot ulceration with or without subsequent infection.[@b5-dmso-11-313],[@b6-dmso-11-313] Peripheral arterial disease (PAD) is a major cause of impaired ulcer/wound healing and gangrenous diabetic foot.[@b2-dmso-11-313] Impaired immunity related to chronic hyperglycemia and subsequent superadded infections will result in septic diabetic foot.[@b7-dmso-11-313],[@b8-dmso-11-313]

The primary objective in caring for patients with DFS is to prevent progression to more complex stages by early detection of foot at risk and evidence-based management to assure functionally intact feet with healed wounds and to minimize the need for subsequent major lower extremity amputations. There are global variations in the reported rate of lower extremity amputation related to DFS[@b9-dmso-11-313]; these reported variations might be explained by differences in design and population of the studies, severities of DFS, standard of medical care, and accesses to care.[@b1-dmso-11-313],[@b10-dmso-11-313],[@b11-dmso-11-313]

A wide range of risk factors for major lower extremity amputations related to DFS had been reported, which included microvascular diseases, PAD, infections, long duration of diabetes, poor glycemic control, old age, and associated cardiovascular comorbidities.[@b1-dmso-11-313],[@b3-dmso-11-313],[@b12-dmso-11-313]--[@b15-dmso-11-313]

Even though diabetes mellitus is common in Jordan with a prevalence of 17% among adult population;[@b16-dmso-11-313] however, only few studies have been conducted on the prevalence and predictors of amputations in a population of type 2 diabetic patients.[@b17-dmso-11-313]

This study was conducted to determine the risk factors of major lower extremity amputations in type 2 diabetic patients referred for hospital care with DFS.

Patients and methods
====================

The approval for this retrospective study was obtained from the King Abdullah University Hospital Review Board. This study was based on the review of medical records of consecutive type 2 diabetic patients referred for management with DFS at King Abdullah University Hospital (KAUH) in the period between January 2014 and December 2015. Type 2 diabetic patients with intermittent claudication/rest pain without feet infections/tissue loss were excluded from this study.

Diabetic patients with DFS were admitted under the care of vascular surgeon according to KAUH policy. Cardiac and endocrine consultations were made at the time of hospital admission to optimize patients' medical status and to prepare them for surgical intervention (tissue debridement, incision, and drainage). Orthopedic, nephrology, infectious, plastic and special diabetic nursing consultations were obtained as needed according to patients' progress through hospital stay.

Admitted diabetic patients with DFS were managed according to an updated management protocol consistent with guidelines and international recommendations.[@b7-dmso-11-313],[@b15-dmso-11-313] A written informed consent was obtained from all patients on admission for the use of data for research purposes, and a written informed consent for each individual intervention.

Our objective was the salvage of functional healed foot wounds, with adoption of early assessment for associated comorbidities and amputation risk factors: ulcer characteristics (infection and depth, site) and diabetic peripheral neuropathy (DPN; 10 g Semmes--Weinstein monofilaments test). Associated PAD was assessed by a clinical and noninvasive method (history, physical examination, and Ankle Brachial Pressure Index \[ABI\]). Early interventions to deal with infective complication were taken as a priority: starting broad-spectrum antibiotics, incision and drainage, wide necrotic tissue debridement including toes amputation if needed, tissue culture, and sensitivity that guided the antimicrobial agents all through the course of the disease.

Computed tomography angiography was used as the diagnostic modality for patients with ABI (\<0.9 and \>1.2) with normal creatinine (\<112 mmol/L) to plan treatment. The decision for subsequent early revascularization was discussed between vascular surgeons and an interventional radiologist for an individual patient.

A structured customized diabetic foot data collection form with diabetic foot characteristics chart was used for documentation of relevant information, which checks for age, sex, body mass index (BMI), smoking, duration of diabetes, diabetic control therapy, associated hypertension, cardiac diseases, stroke, chronic renal impairment (abnormal creatinine \>112 mmol/L or glomerular filtration rate \<90 mL/min/1.73 m^2^), renal replacement therapy (hemo-dialysis), and history of diabetes-related complication in both feet prior to the study period.

The special diabetic foot chart was designed for documentation of diabetic foot characteristic and risk variables (perfusion, neuropathy, ulcer depth, infections, and ulcer site), which facilitate staging of ulcers/wounds according to Wagner's classification of diabetic foot,[@b18-dmso-11-313] and classification of chronic ischemia in consistence with modified Rutherford chronic ischemic criteria and ABI reading,[@b19-dmso-11-313] and infections according to the modified International Working Group for Diabetic Foot criteria ([Table S1](#SD1-dmso-11-313){ref-type="supplementary-material"}).[@b7-dmso-11-313]

The glycated hemoglobin level (HbA1c) and erythrocyte sedimentation rate (ESR) were retrieved from the hospital database.

Initial surgical interventions -- tissue debridement, incision and drainage, and amputation and revascularizations -- were retrieved from the operative note. The modality and date of primary revascularization, secondary revascularization, discharge diagnosis, time to wound healing, type and date of amputation, cause and date of death, and last follow-up were all extracted from the patients' medical records.

Lower extremity amputation is defined as resection of any segment of the lower extremity with removal of bone. Minor amputation was defined as any amputation that preserves the ankle joint with an intact healed wound. Major amputation was defined as any amputation that interferes with the ankle joint.[@b20-dmso-11-313],[@b21-dmso-11-313] For the purpose of this study, major amputation refers to amputation performed for the presenting diabetic foot problem. Amputation performed later on due to another reason were excluded.

Statistical analysis was performed using IBM SPSS version 22. Data were described using frequencies, percentages, and means. The rate of major amputation was compared between groups using chi-square test. Multivariate was used to determine the independent factors associated with major amputation. A *P*-value ≤0.05 was considered statistically significant.

Results
=======

This study included a total of 225 type 2 diabetic patients (153 males and 72 females) with DFS. A total of 10 patients had bilateral DFS, giving a total of 235 DFSs managed in the study period. One-third (34.7%) of patients were \<55 years of age. About 43.6% had BMI ≥25 kg/m^2^. Nearly half of them (48.9%) had diabetes for ≥15 years and 52.4% had HbA1c level ≥8%. The mean duration of diabetes was 14.3 (6.8) years and the mean HbA1c was 8.7% (2.2%).

Clinical evidence of infection was found in 173 limbs (76.9%), of which 67 limbs (28.5%) had evidence of infections without ulcer or gangrene. Evidence of ischemia was found in 119 (52.9%) of limbs, and neuropathy was found in 122 (54.2%) of limbs. Ulcer was found in 102 (45.3%) of the feet, of which 23% had ischemic ulcer. Ischemic neuropathic foot was found in 103 (43.8%). Single component (ischemia, neuropathy, or infection) was found in 49 (21.8%) of DFS, two components were found in 160 (71.1%) of DFS, and 17 (7.2%) of DFS had three components (neuropathy, ischemia, and infections). According to Wagner's classification, none of the feet had grade 0 or 1, and 37 (16.4%) of the limbs were not classified on admission (cellulites without tissue loss at presentation).

Tissue debridement was the initial surgical intervention for 152 (64.7%) of the limbs. Incision and drainage was needed for 12 (5.1%) of the feet (deep-seated infections). No surgical intervention was needed for 21 (8.9%) of the feet (cellulites). Toes amputation was needed in 62 (26.4%) of DFS. A minor amputation was performed in 31 (16.6%), and a major amputation to attain healing was needed for 26 limbs (11.6%). Primary revascularization was needed for 108 (46.0%) of the DFS.

The overall rate of major amputation was 11.1%. [Table 1](#t1-dmso-11-313){ref-type="table"} shows the rate of major amputation according to patients' characteristics, and [Table 2](#t2-dmso-11-313){ref-type="table"} shows the rate of major amputation in relation to foot characteristics. The rate did not differ significantly in relation to gender, age group, ESR, BMI, neuropathy, ulcer, and infections.

Those who had diabetes for ≥15 years had a significantly higher rate compared with those with shorter duration (20.0% vs 3.5%). Patients with HbA1c ≥8% had higher rate of major amputation compared with patients with HbA1c \<8% (17.8% vs 4.7%). The rate was much higher among patients on insulin, with hypertension, cardiac diseases, chronic renal impairment, stroke ([Table 1](#t1-dmso-11-313){ref-type="table"}), gangrene, higher number of components, higher Wagner classification, and ischemia ([Table 2](#t2-dmso-11-313){ref-type="table"}).

In the multivariate analysis, patients who were on insulin had higher odds of major amputation compared with those who were taking oral hypoglycemic agents (odd ratio \[OR\]=6.9; 95% CI: 1.9--25.4). HbA1c was significantly associated with increased odds of major amputation (OR=4.0; 95% CI: 1.3--12.4). Longer duration of diabetes (≥15 years; OR=6.0), renal impairment (OR=3.5), and gangrene (OR=4.2) were significantly associated with increased risk of major amputation ([Table 3](#t3-dmso-11-313){ref-type="table"}).

Discussion
==========

DFS refers to a wide spectrum of complex and dynamic clinical conditions affecting the feet of diabetic patients, which results from the interaction of several diabetes-related complications, DPN and PAD, precipitated by minor trauma that leads to ulceration or gangrene with subsequent variable degree of super-added infections.[@b1-dmso-11-313],[@b3-dmso-11-313],[@b6-dmso-11-313]

The complex nature of DFS is demonstrated in this study where clinical evidence of infection was found in 76.9% of the DFS referred for hospital care. The majority (78.2%) of limbs had two or more components of the triad incriminated in pathogenesis of DFS (ischemia, neuropathy, and infection). Ischemic neuropathic feet were found in 28.1% of limbs. However, ulcer was found at presentation in less than half of DFS in this study. This complex nature of DFS has been reported in previous studies, where admitted patients with DFS had infection in 82% of cases, diabetic neuropathy in 86%, and PAD in 49% of DFS. About 31% had infection and ischemia.[@b23-dmso-11-313]

Nearly half of DFS (49.4%--52.3%) were ischemic neuropathic in nature,[@b24-dmso-11-313],[@b25-dmso-11-313] even though the majority of diabetes-related lower extremity amputations are preceded by unhealed ulcers/wounds.[@b26-dmso-11-313],[@b20-dmso-11-313],[@b22-dmso-11-313] Ulceration, as part of DFS, does not occur spontaneously; rather, it is a manifestation of underlying micro- and macrovascular complications of diabetes that are uncovered by minor trauma.[@b5-dmso-11-313]

The interaction of diabetes-related complications is responsible for the increased risk of major lower extremity amputation in diabetics by 10--20-fold compared with nondiabetics.[@b27-dmso-11-313],[@b28-dmso-11-313]

A major lower limb amputation was needed in 11.1% of patients with DFS. Hospital-based data reported an amputation rate as low as 4.2% and as high as 27%.[@b24-dmso-11-313],[@b8-dmso-11-313] However, a rate of 2%--16% has been reported from different studies.[@b1-dmso-11-313] The complex nature of DFS and the wide spectrum of clinical presentations might explain the differences in amputation rates reported in this study from other studies, as there are global variations in the reported amputation rate.[@b9-dmso-11-313] The global variation in amputation rate was explained on the bases of differences in population and design of the studies, as well as due to differences in severity, the standard of managements, and access to medical care.[@b24-dmso-11-313],[@b10-dmso-11-313]

Previous studies reported several risk factors for lower extremity amputation related to DFS including DPN, PAD,[@b5-dmso-11-313],[@b29-dmso-11-313],[@b30-dmso-11-313] long diabetic duration, high HbA1c,[@b13-dmso-11-313],[@b12-dmso-11-313],[@b22-dmso-11-313] treatment with insulin,[@b31-dmso-11-313] old age, male gender,[@b12-dmso-11-313],[@b30-dmso-11-313] infections,[@b5-dmso-11-313],[@b2-dmso-11-313],[@b8-dmso-11-313],[@b7-dmso-11-313],[@b23-dmso-11-313] associated cardiovascular comorbidities,[@b31-dmso-11-313] and diabetic nephropathy.[@b29-dmso-11-313],[@b14-dmso-11-313]

Our study showed several independent predictor factors for lower extremity amputation including gangrene as the presenting characteristic, chronic renal impairment/end-stage renal failure on hem-dialysis, duration of diabetes ≥15 years, and increased HbA1c ≥8%.

Gangrene as the presenting characteristics was found in 31.1% of DFS in our study. Similar results were reported by others.[@b8-dmso-11-313] Gangrenous tissue at presentation was found to be an independent risk factor for amputation in comparison with nongangrenous DFS (*P*-value=0.001). Similar to the finding in other studies,[@b13-dmso-11-313],[@b17-dmso-11-313] impairment of arterial perfusion may act as an isolated cause for amputation in diabetics, and it is one of the major causes of gangrenous DFS.[@b14-dmso-11-313],[@b26-dmso-11-313] Ischemia was diagnosed in 52.9% of this group. However, revascularization was performed in 84% of DFS with ischemia. Gangrene can be a result of PAD, and it can be a result of deep-seated infections and impaired cutaneous microcirculation,[@b32-dmso-11-313] even though early diagnosis and management of ischemia as a risk factor may aid in avoiding limb loss due to ischemia, as percutaneous transluminal angioplasty (PTA) became a feasible modality with promising outcome.[@b33-dmso-11-313]

Diabetic nephropathy, in general, and patients on renal replacement therapy (hemodialysis) were found to be predictors of major amputation. Diabetic nephropathy is one of the major microvascular complications of diabetes with subsequent end-stage renal disease.[@b34-dmso-11-313] Diabetic nephropathy is associated with an increased risk of neuropathy and PAD,[@b35-dmso-11-313] which can explain the impact of chronic renal impairment on lower extremity amputation in patients hospitalized for DFS.[@b26-dmso-11-313],[@b32-dmso-11-313],[@b36-dmso-11-313]

The duration of diabetes for ≥15 years, insulin therapy, and increased level of HbA1c ≥8% were found as independent predictor factors for major lower limb amputation in this study.

A long diabetic duration was found to be a predictor for diabetes-related major lower extremity amputations.[@b31-dmso-11-313],[@b14-dmso-11-313] The need for insulin in the control of type 2 diabetes tend to increase with longer duration of diabetes, and it was reported as an independent predictor factor for major amputation in other studies.[@b31-dmso-11-313],[@b11-dmso-11-313],[@b12-dmso-11-313],[@b15-dmso-11-313] Increased level of HbA1c was found to be associated with increased risk of amputation.[@b37-dmso-11-313],[@b14-dmso-11-313],[@b12-dmso-11-313],[@b8-dmso-11-313]

The strong association of HbA1c with lower extremity amputations could reflect the pathogenic role of chronic hyperglycemia, probably via neuropathy, impaired wound healing, PAD, and increased susceptibility to infection.[@b38-dmso-11-313],[@b39-dmso-11-313],[@b40-dmso-11-313],[@b32-dmso-11-313] The limitation of this study is being a retrospective study, and the long-term outcome was not included.

Conclusion
==========

DFS is a complex wide spectrum of feet problem related to diabetic complications with different range of severity. Ulceration is part of the spectrum of DFS, and presentation with gangrenous tissue and poor glycemic controls are the important independent risk factors for diabetes-related major lower extremity amputations.

Supplementary material
======================

###### 

Diabetic foot characteristics chart

  Score   Perfusion                                               Sensation                                                                                Ulcer depth                                                   Infection                                                                               Ulcer site
  ------- ------------------------------------------------------- ---------------------------------------------------------------------------------------- ------------------------------------------------------------- --------------------------------------------------------------------------------------- -----------------------------------
  0       No clinical evidence of ischemia, ABI \>0.9 and \<1.2   Intact sensations; monofilament 10 g                                                     No ulcer                                                      No clinical evidence of infection                                                       No ulcer
  1       Claudication distance \>200 m, ABI 0.71--0.9            Deformity; flat foot, callosities, bunion, claw toes, overriding toes, unstable joints   Superficial; full thickness skin lesion                       Evidence of cellulites \<2 cm: erythema/hotness/swelling/discharge (mild infection)     Medial/lateral/dorsal foot ulcer
  2       Claudication distance \<200 m, ABI 0.51--0.7            Monofilament sensation lost over two distal for foot points                              To tendon/joint capsule                                       Evidence of foot cellulites \>2 cm (moderate A)                                         Foot weight-bearing site
  3       Short distance \<30 m, rest pain, ABI 0.31--0.5         Monofilament sensation lost over two distal forefoot points                              To bone                                                       Deep-seated abscess; US/CT, osteomyelitis; foot X-ray, MRI, CT scan (moderate B)        Mid-foot planter ulcer
  4       Gangrene, ABI \<0.3                                     Anesthesia is not needed for foot surgery, painless foot lesions                         Deep tissue destruction and necrosis diagnosed at operation   Systemic sepsis due to foot; fever, increased WBC, and hypotension (severe infection)   Heel ulcer at weight-bearing area

**Abbreviations:** ABI, Ankle Brachial Pressure Index; CT, computed tomography; MRI, magnetic resonance imaging; OR, odds ratio; US, ultrasound.
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###### 

The rate of major amputation according to patients' demographic and health characteristics

  Variable                  Major amputation   Total number of DFS   *P*-value                       
  ------------------------- ------------------ --------------------- ----------- ------ ----- ------ -------
  Gender                                                                                             0.761
   Male                     136                88.9                  17          11.1   153   68     
   Female                   63                 87.5                  9           12.5   72    32     
  Age group                                                                                          0.670
   ≤55 years                75                 90.4                  8           9.6    83    35.3   
   \>55 years               133                87.5                  19          12.5   152   64.7   
  Body mass index                                                                                    0.481
   ≤25 kg/m^2^              114                89.8                  13          10.2   127   56.4   
   \>25 kg/m^2^             85                 86.7                  13          13.3   98    43.6   
  Duration of diabetes                                                                               0.000
   \<15 years               111                96.5                  4           3.5    115   51.1   
   ≥15 years                88                 80                    22          20.0   110   48.9   
  Antidiabetic treatments                                                                            0.000
   Oral drugs               113                97.4                  3           2.6    116   51.6   
   Insulin                  86                 78.9                  23          21.1   109   48.4   
  HbA1c                                                                                              0.002
   \<8%                     102                95.3                  5           4.7    107   47.6   
   ≥8%                      97                 82.2                  21          17.7   118   52.4   
  ESR                                                                                                0.917
   \<49 mm/h                94                 88.7                  12          11.3   106   47.1   
   ≥49 mm/h                 105                88.2                  14          11.8   109   52.9   
  Smoking                                                                                            0.380
   No                       89                 86.4                  14          13.6   103   45.8   
   Yes                      110                90.2                  12          9.8    122   54.2   
  Hypertension                                                                                       0.040
   No                       88                 93.6                  6           6.4    94    41.8   
   Yes                      111                84.7                  20          15.3   131   58.2   
  Cardiac diseases                                                                                   0.019
   No                       131                92.3                  11          7.7    142   63.1   
   Yes                      68                 81.9                  15          18.1   83    36.9   
  Chronic renal disease                                                                              0.001
   No                       170                91.9                  15          8.1    185   82.2   
   Yes                      29                 72.5                  11          27.5   40    17.8   
  Stroke                                                                                             0.025
   No                       186                89.9                  21          10.1   207   92.0   
   Yes                      13                 72.2                  5           27.8   18    8.0    

**Abbreviations:** DFS, diabetic foot syndrome; ESR, erythrocyte sedimentation rate; HbA1c, glycated hemoglobin level.

###### 

The rate of major amputation according to foot characteristics

  Foot characteristics                   Major amputation   Total number of DFS   *P*-value                       
  -------------------------------------- ------------------ --------------------- ----------- ------ ----- ------ -------
  History of foot problem                                                                                         0.72
   No                                    128                91.4                  12          8.6    140   62.2   
   Yes                                   71                 83.5                  14          16.5   85    37.8   
  History of problem in the other foot                                                                            0.14
   No                                    132                91                    13          9.0    145   61.7   
   Yes                                   76                 84.4                  14          15.6   90    38.3   
  Ulcer at presentation                                                                                           0.243
   No                                    106                86.2                  17          13.8   123   54.7   
   Yes                                   93                 91.2                  9           8.8    102   45.3   
  Gangrene at presentation                                                                                        0.000
   No                                    145                93.5                  10          6.5    155   68.9   
   Yes                                   54                 77.1                  16          22.9   70    31.1   
  Ischemia                                                                                                        0.002
   No                                    101                95.3                  5           4.7    106   47.1   
   Yes                                   98                 82.4                  21          17.6   119   52.9   
  Diabetic neuropathy                                                                                             0.224
   No                                    94                 91.3                  9           8.7    103   45.8   
   Yes                                   105                86.1                  17          13.9   122   54.2   
  Clinical evidence of infections                                                                                 0.996
   No                                    46                 88.5                  6           11.5   52    23.1   
   Yes                                   153                88.4                  20          11.6   173   76.9   
  Components                                                                                                      0.000
   One                                   140                100                   0           0.0    49    21.8   
   Two                                   10                 87.5                  20          12.5   160   71.1   
   Three                                 49                 62.5                  6           37.5   16    7.1    
  Wagner's grade                                                                                                  0.003
   Grade 2                               41                 95.3                  2           4.7    43    19.1   
   Grade 3                               68                 90.7                  7           9.3    75    33.3   
   Grade 4+5                             54                 77.1                  16          22.9   70    31.1   
   Unclassified                          36                 97.3                  1           2.7    37    16.4   

**Abbreviation:** DFS, diabetic foot syndrome.

###### 

Multivariate analysis of factors associated with major amputation

  Risk variable                                                   OR    95% CI        *P*-value
  --------------------------------------------------------------- ----- ------------- -----------
  Antidiabetic medication (insulin vs oral hypoglycemic agents)   6.9   1.9--25.4     0.004
  HbA1c (≥8% vs \<8%)                                             4.0   1.3--12.4     0.015
  Duration of diabetes (≥15 years vs \<15 years)                  6.0   1.8--20.9     0.004
  Renal impairment (yes vs no)                                    3.5   6--10.2       0.023
  Gangrene (yes vs no)                                            4.2   1.561--11.5   0.005

**Abbreviations:** HbA1c, glycated hemoglobin level; OR, odds ratio.
